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INTRODUCTION 

The Washington Division of Geology and E a r t h R e s o u r c e s , u n d e r con-
t r a c t to Ponderosa Dril l ing and Explora t ion , I n c . of Spokane , dr i l led 10 
shallow t e m p e r a t u r e g r a d i e n t - h e a t flow holes in t h e Cascade Range of Wash-
ing ton d u r i n g t h e summer of 1981. The p u r p o s e of th i s r e p o r t is to convey 
some of t h e pre l iminary r e s u l t s of t h i s i nves t iga t ion . In add i t ion , we r e p o r t 
p re l iminary da ta from t h r e e holes dr i l led b y the City of Nor th Bonnevil le 
and one hole dri l led nea r Snoqualmie Pass b y Mr. David D y e r . The inves t i -
gat ions a re p a r t of a Washington S ta te geothermal r e s o u r c e a s sessmen t 
p rog ram s u p p o r t e d b y a con t r ac t from t h e U . S . Depar tment of E n e r g y , 
Division of Geothermal E n e r g y . 

Locations of dri l l ho les , d e p t h s , da tes dr i l led and l ogged , t e m p e r a t u r e 
g r a d i e n t s , genera l ized downhole l i thologies , and o the r p e r t i n e n t da ta a re 
r e p o r t e d h e r e . Addit ional i n t e r p r e t a t i o n s , such as hea t - f low v a l u e s , and 
geothermal s igni f icance of t h e dr i l l holes will be r e p o r t e d at a l a t e r da te 
when f u r t h e r inves t iga t ion has been completed. 

Shallow hea t - f low holes were dr i l led in t h e Cascade Range of Washington 
for two r e a s o n s : 

(1) To obta in "regional" t e m p e r a t u r e g rad i en t and hea t - f low da ta in 

a reas where t h e r e were no p r e - e x i s t i n g wells. T h e s e da ta 
a re i nco rpo ra t ed in to ongoing e f f o r t s to evalua te t h e geothermal 
r e s o u r c e s of t h e Cascade R a n g e . The Snoqualmie, White R ive r , 
Clear C r e e k , Sand Ridge , and Tieton Willows holes were dri l led 
for t h i s p u r p o s e . 

(2) To obta in s u b s u r f a c e da ta on r a t e of t e m p e r a t u r e i n c r e a s e , hyd ro logy , 

and hea t flow in t h e v ic in i ty of known thermal s p r i n g s . The 
Scenic , T rou t C r e e k , C a r s o n , Kl icki ta t , and Nor th Bonnevil le 
dri l l holes were dr i l led fo r th i s p u r p o s e , b u t t h e y also con-
t r i b u t e to t h e ongoing regional evaluat ions mentioned in (1) above . 

T h e desc r ip t ions of downhole l i thologies a re modified from two r e p o r t s 
by Kent and Assoc ia tes , Consul t ing Geologists , Lake Oswego, Oregon , to t h e 
Washington Division of Geology and E a r t h Resources and to t h e City of Nor th 
Bonnevi l le . 



DESCRIPTION OF UNITS PENETRATED BY DRILL HOLES 

Scenic No. 1 

The Scenic No. 1 dril l hole p e n e t r a t e d granodior i te and q u a r t z diori te 
for i t s fu l l d e p t h . P r a t t (1958) a s s igned t h e s e rocks to t h e Mount S t u a r t 
ba tho l i th , a l a r g e g ranodior i t e and qua r t z dior i te i n t r u s i v e which becomes 
locally gneiss ic in t h e S tevens Pass a r ea . Po tass ium-argon ages r a n g e from 
80 to 90 million y e a r s b e f o r e p r e s e n t , with an ave rage of 88 m . y . (Engels and 
Crowder , 1971). 

Scenic No. 2 

Th i s dri l l hole p e n e t r a t e d lands l ide depos i t s to a d e p t h of 33 me te r s . 
Quar tz b io t i te s ch i s t was encoun te r ed from 33 to 82 m e t e r s , and t h e remainder 
of t h e hole was in biot i te s c h i s t . The rock from 33 mete rs to t h e bottom of 
t h e hole is p r o b a b l y p a r t of t h e Chiwaukum Sch i s t , of Ca rbon i f e rous age 
( P r a t t , 1958). 

Snoqualmie No. 1 

Th is dri l l hole p e n e t r a t e d argi l l i te with seve ra l phyl l i t ic zones for i t s 
en t i r e d e p t h . T h e s e rocks a re p a r t of t h e Guye Format ion, which cons i s t s 
of t e r r e s t r i a l ca rbonaceous muds tone , sha le , s a n d s t o n e , conglomerate , and 
b recc ia of Paleocene or Eocene age (Chitwood, 1976). The r o c k s p e n e t r a t e d 
by t h e dri l l hole a r e somewhat metamorphosed , p resumably due to t h e proximity 
of t h e Snoqualmie ba tho l i th (Miocene) to t h e n o r t h . 

Snoqualmie No. 2 

The u p p e r 25 meters of th i s dril l hole is in unconsol ida ted glacial and 
alluvial mate r ia l s . The remainder of t h e hole is in f i n e - g r a i n e d q u a r t z i t e . 
The q u a r t z i t e is p r o b a b l y a p a r t of t h e Guye Formation (Chi twood, 1976), and 
it was p r e s u m a b l y metamorphosed d u r i n g t h e i n t ru s ion of t h e Snoqualmie 
ba tho l i th which c r o p s out a s h o r t d i s t ance to t h e n o r t h w e s t . 



White River 

The White River dril l hole p e n e t r a t e d b a n d e d , dev i t r i f i ed p y r o x e n e 

rhyo l i t e which is t h e i n t r u s i v e p h a s e of t h e Clear West complex, a h y p a b y s s a l 

rhyol i t ic ign imbr i te and e x t r u s i v e rheo ign imbr i te (F i s che r , 1970). The 

Clear West complex may r e p r e s e n t a ca ldera filling o r , in p a r t , a v e r y th ick 

sill ( F i s c h e r , 1970). Hartman (1973) s u g g e s t s t h a t t h e complex may b e a 

p lug dome with associa ted s i l ls . The rhyo l i t es i n t r u d e t h e Eocene-Oligocene 

Ohanapecosh Formation and t h e ear ly Miocene Fifes Peak Format ion. Potass ium-

argon age da te s ind ica te an age of 18 to 19 million y e a r s , or la te ea r ly Miocene 

(Har tman , 1973). 

Clear Creek 

This dr i l l hole i n t e r s e c t e d s a n d y s i l t s tone and mudstone of t h e Russel l 

Ranch Format ion , a J u r a s s i c f l y sch assemblage (Clayton , 1980). The Russe l l 

Ranch cons i s t s of tectonical ly deformed and b r o k e n argil l i te and f e ldspa th ic 

g raywacke with l enses of g r e e n s t o n e , b e d d e d c h e r t , che r t conglomerate , and 

metatuff (El l ingson, 1972; Swanson, 1978). 

Sand Ridge 

This dr i l l hole p e n e t r a t e d a por t ion of t h e Indian Creek Amphiboli te, 
a J u r a s s i c complex emplaced as a solid mass within t h e Russel l Ranch Formation. 
Composed of i n t e r l a y e r e d tec tonic l enses of amphiboli te , diorit ic and tonali t ic 
g n e i s s , h o r n b l e n d i t e , and l e s se r amounts of q u a r t z dior i te pegmat i te , cataclast ic 
o r t h o g n e i s s , and mylonite (El l ingson, 1968, 1972), t h e formation h a s been 
i n t e r p r e t e d as p a r t of an ophiolite assemblage (Hammond, 1980; Clay ton , 1980, 
u n p u b l i s h e d ) . 

Tieton Willows 

Two holes were dri l led about 80 mete rs (m) apa r t at t h i s s i t e . The 

f i r s t hole was lost due to cav ing . I t was col lared in lands l ide mater ia l s , and 

e n c o u n t e r e d h igh ly wea the red and f r a c t u r e d volcanic conglomerates below. 

This hole was p r o b a b l y dri l led in to o r t h r o u g h a s teep ly d ipping or ve r t i ca l 

fau l t or f r a c t u r e zone . 



The second hole , which was success fu l ly completed, encoun t e r ed 

competent lava flows at a d e p t h of 10 m, and remained in them to i t s total 

d e p t h . The lava flows a re t h o u g h t to b e p a r t of Tieton volcano, a Miocene 

shield volcano, which cons i s t s of andes i te and basa l t lava f lows, b recc ia , 

and tuf f (Swanson , 1966, 1978). Numerous andes i t ic rad ia l dike swarms 

a re also p r e s e n t . Swanson inc ludes the Tieton volcano as p a r t of t h e Fifes 

Peak Format ion. 

T r o u t Creek 

This dri l l hole e n c o u n t e r e d 3 m of o v e r b u r d e n , basa l t from 3 to 8 m 
d e p t h , h ighly va r i ab l e incompetent materials from 8 to 25 m d e p t h , and 
va r i ab ly a l t e red volcaniclas t ic r o c k s and flows of t h e Eocene-Oligocene 
Ohanapecosh Formation from 25 m to t h e bottom of t h e hole . 

The basa l t f rom 3 to 8 m d e p t h is p a r t of a Q u a t e r n a r y lava flow 
which o r ig ina ted at T r o u t Creek Hill, a small shield volcano c e n t e r e d about 
4 .5 ki lometers n o r t h w e s t of t h e dri l l s i te (Wise, 1961, 1970). The flow is 
t h o u g h t to be o lder t h a n 35,000 y e a r s , b u t y o u n g e r t h a n 130,000 y e a r s 
(Hammond, 1980). 

The unconso l ida ted material from 8 to 25 m d e p t h p r o b a b l y r e p r e s e n t s 
va l ley-f i l l ing sed iments of f luvial or glacial or ig in ; some of t h e material is 
wea the red b e d r o c k . 

Carson 

The Ca r son dri l l hole was collared in t h e same Q u a t e r n a r y basa l t flow 
as t h a t e n c o u n t e r e d in t h e T r o u t Creek dril l hole . At t h e Carson s i te t h e 
flow e x t e n d s to a d e p t h of 35 m. From 35 to 40 m d e p t h a paleosol and 
glacial or f luvia l sed iments were e n c o u n t e r e d . Below t h i s , to about 80 m, 
a l t e red volcaniclas t ic r o c k s and th in lava flows of t h e Ohanapecosh Formation 
p redomina te , b u t ch ips of u n a l t e r e d dior i te a p p e a r e d in seve ra l zones , p e r h a p s 
r e p r e s e n t i n g t h i n d i k e s . 

Below 80 m and e x t e n d i n g to to ta l d e p t h at 154 m ( the hole is completed 
to only 113.2 m b e c a u s e of c a v i n g ) , t h e rock is q u a r t z dior i te of t h e Buck 
Mountain i n t r u s i v e ( informal name) , also informally known as t h e Wind River 
Gorge i n t r u s i v e and Wind River f i shway sill ( F r e e , 1976). F r ee d e s c r i b e s t h e 
r o c k as ho locrys ta l l ine , a u g i t e - h y p e r s t h e n e d io r i t e . If t h e i n t r u s i v e co r re l a t e s 



with t h e similar rock of t h e Wind River p l u g , which i n t r u d e s Yakima basa l t 

about 4 ki lometers sou theas t of Buck Mountain, t h e Buck Mountain i n t r u s i v e 

is middle Miocene in age , or y o u n g e r . 

Klickitat 

T h e Klickitat dril l hole is in Columbia River Basal t fo r i t s en t i r e d e p t h . 
From r econna i s s ance geologic mapping (Shannon and Wilson, I n c . , 1973; 
Hammond, 1980) it a p p e a r s t h a t t h e basa l t at t h e Klickitat dril l hole is p a r t 
of t h e G r a n d e Ronde Basal t (ear ly and middle Miocene), t h e most widespread 
member of t h e Yakima Basal t S u b g r o u p . 

Severa l zones of open f r a c t u r e s were encoun t e r ed in t h e dri l l hole, 
most of which were l ined with amorphous opaline si l ica. Open f r a c t u r e zones 
were n o t e d at d e p t h s nea r 10 m, 47 to 50 m, 62 m, 90 m, and 115 m. Carbon 
dioxide c h a r g e d a r t e s i an wate r was p r o d u c e d from t h e s e zones d u r i n g dr i l l ing , 
especial ly from t h e u p p e r zones . The lower f r a c t u r e zones may have been 
re la t ive ly u n d e r p r e s s u r e d because a r t e s i an flow ceased d u r i n g t h e dri l l ing of 
t h e lower p a r t of t h e hole . All a r t e s i an zones were control led b y cas ing 
a n d ( o r ) cement ing d u r i n g t h e p r o c e s s of completing t h e hole . 

North Bonneville Nos. 1, 2, and 3 

T h e following descr ip t ion of downhole l i thologies was t aken from an 
u n p u b l i s h e d r e p o r t to t h e City of Nor th Bonnevil le (Kent and Assoc ia tes , 
Consu l t ing Geologis ts , 1981). 

Alluvium and lands l ide d e b r i s e x t e n d down to about 40 m at NB-1, 
48 m at NB-2 , and 15 m at NB-3 . Below t h i s , conglomerates of t h e Eagle 
Creek Formation (ear ly Miocene) e x t e n d to d e p t h s of about 125 m in NB-1, 
115 m in NB-2 , and 70 m in NB-3 . The conglomerates a r e predominant ly 
f luvial vo lcan ic las t ics . 

The lower po r t ions of all t h r e e holes , b e n e a t h t h e Eagle Creek Format ion, 
cons is t of va r i ab ly a l t e red t u f f s and f lows. The c o n s u l t a n t ' s r e p o r t i n t e r p r e t s 
t h e un i t to be p a r t of t h e T h r e e Corne r Rock lava f lows, which a re est imated 
to b e la te Oligocene to ear ly Miocene in age . Hammond (1980) desc r ibes t h e 
T h r e e C o r n e r Rock lava flows as i n t e r s t r a t i f i e d p y r o x e n e andes i t e p o r p h y r y , 
h o r n b l e n d e - p y r o x e n e andes i t e p o r p h y r y , lahar ic b r e c c i a , and minor volcani-
clast ic r o c k s . 



Because of t h e ex t ens ive a l te ra t ion r e p o r t e d for c u t t i n g s from t h e 
lower por t ions of t h e Nor th Bonnevil le holes , we bel ieve i t poss ib le t h a t t he 
lower p a r t s of t h e t h r e e dr i l l holes may have p e n e t r a t e d in to t h e Ohanapecosh 
Formation in s t ead of t h e T h r e e C o r n e r Rock lava f lows. 
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FIGURE 1.—Location map for hea t - f low drill ho les , Cascade Range , 1981. 
(Drill ho l e s : DNR-1, Scenic No. 1; DNR-1A, Scenic No. 2; DNR-2, 
Snoqualmie No. 1; DNR-2A, Snoqualmie No. 2; DNR-3, White R ive r ; 
DNR-4. Clear C r e e k ; DNR-5, Sand R i d g e ; DNR-6A, Tieton Willows; 
DNR-7, T r o u t C r e e k ; DNR-8, C a r s o n ; DNR-9, Klicki ta t ; NB-1, 
North Bonnevil le No. 1; NB-2, North Bonnevil le No. 2; and NB-3, 
North Bonnevil le No. 3 . ) 



FIGURE 2.—Composite t empera tu re -dep th plots for Scenic No. 1 (DNR-1), 
Scenic No. 2 (DNR-1A), Snoqualmie No. 1 (DNR-2), Snoqualmie 
No. 2 (DNR-2A), and White River (DNR-3) drill holes. 



FIGURE 3.—Composite t e m p e r a t u r e - d e p t h plots for Clear Creek (DNR-4) , 
Sand Ridge (DNR-5) , Tieton Willows (DNR-6A), T r o u t Creek (DNR-7) , 
Carson (DNR-8) , and Klickitat (DNR-9) drill holes . 



FIGURE 4.—Composite t empera tu re -dep th plots for North Bonneville No. 1 
(NB-1) , North Bonneville No. 2 (NB-2) , and North Bonneville No. 3 
(NB-3) drill holes . 



FIGURE 5 .—Tempera ture -dep th plot for Snoqualmie No. 2 (DNR-2A) drill hole. 



FIGURE 6 .—Tempera ture -dep th plot fo r Snoqualmie No. 2 (DNR-2A) drill hole. 



FIGURE 7 .—Tempera ture -dep th plot for Snoqualmie No. 2 (DNR-2A) drill hole. 



FIGURE 8 .—Tempera tu re -dep th plot for Snoqualmie No. 2 (DNR-2A) drill hole . 



FIGURE 9 .—Tempera tu re -dep th plot for Snoqualmie No. 2 (DNR-2A) drill hole. 



FIGURE 10 .—Tempera tu re -dep th plot for Snoqualmie No. 2 (DNR-2A) drill hole. 



FIGURE 11 .—Tempera ture-depth plot for Snoqualmie No. 2 (DNR-2A) drill hole. 



FIGURE 12 .—Tempera ture-depth plot for Snoqualmie No. 2 (DNR-2A) drill hole. 



F I G U R E 1 3 . — T e m p e r a t u r e - d e p t h p l o t f o r Snoqualmie No. 2 (DNR-2A) d r i l l h o l e . 



FIGURE 14 .—Tempera tu re -dep th plot for Snoqualmie No. 2 (DNR-2A) drill hole. 



FIGURE 15.—Tempera ture-depth plot for Snoqualmie No. 2 (DNR-2A) drill hole. 



FIGURE 16 .—Tempera ture -dep th plot for North Bonneville No. 1 (NB-1) 
drill hole. 



FIGURE 17.—Temperature-depth plot for North Bonneville No. 1 (NB-1) 
drill hole. 



FIGURE 18 .—Tempera ture -dep th plot fo r North Bonneville No. 1 (NB-1) 
drill hole. 



TABLE 1. —Cascade Range temperature gradients from 1981 drilling 

D N R - 1 S c e n i c No. 1 K i n g 

D N R - 1 A S c e n i c No . 2 K i n g 

D N R - 2 S n o q u a l m i e N o . 1 K i n g 

DNR-2A S n o q u a l m i e N o . 2 K i n g 
( D . D y e r wel l ) 

D N R - 3 White R i v e r P i e r c e 

D N R - 4 C l e a r C r e e k Yak ima 

D N R - 5 S a n d R i d g e Yak ima 

DNR-6A T i e t o n Willows Yak ima 

D N R - 7 T r o u t C r e e k S k a m a n i a 

D N R - 8 C a r s o n S k a m a n i a 

D N R - 9 K l i c k i t a t K l i c k i t a t 

N B - 1 C i t y of N o r t h S k a m a n i a 
B o n n e v i l l e N o . 1 

N B - 2 C i t y of N o r t h S k a m a n i a 
B o n n e v i l l e N o . 2 

N B - 3 C i t y of N o r t h S k a m a n i a 
B o n n e v i l l e N o . 3 



TABLE 2.—Geothermal temperature gradient 
measurements for Scenic No. 1 drill 
hole , DNR-1 (date measured 9-25-81) 

TABLE 3.—Geothermal temperature gradient 
measurements for Scenic No. 2 drill 
hole, DNR-1A (date measured 9-25-81) 



TABLE 4.—Geothermal temperature gradient 
measurements for Snoqualmie No. 1 
drill hole, DNR-2 (date measured 
10-12-81) 

TABLE 5.—Geothermal temperature gradient 
measurements for Snoqualmie No. 2 
drill hole , DNR-2A (date measured 
10-13-81) 



TABLE 6. —Geothermal temperature gradient 
measurements for White River drill 
hole, DNR-3 (date measured 9-15-81) 

TABLE 7.—Geothermal temperature gradient 
measurements for Clear Creek drill 
hole, DNR-4 (date measured 9-15-81) 



TABLE 8.—Geothermal temperature gradient 
measurements for Sand Ridge drill 
hole , DNR-5 (date measured 9-15-81) 

TABLE 9.—Geothermal temperature gradient 
measurements for Tieton Willows 
drill hole, DNR-6A (date measured 
9-15-81) 



TABLE 10.—Geothermal temperature gradient 
measurements for Trout Creek drill 
hole, DNR-7 (date measured 9-10-81) 

TABLE 11.—Geothermal temperature gradient 
measurements for Carson drill hole, 
DNR-8 (date measured 9-14-81) 



TABLE 12.—Geothermal temperature gradient 
measurements for Klickitat drill hole , 
DNR-9 (date measured 9-14-81) 



TABLE 12.—Geothermal temperature gradient measurements for City of North 
Bonneville No. 1 drill hole , NB-1 (date measured 5-1-81) 



TABLE 14.—Geothermal temperature gradient measurements for City of North 
Bonneville No. 2 drill hole, NB-2 (date measured 9-11-81) . 



TABLE 15.—Geothermal temperature gradient 
measurements for City of North 
Bonneville No. 3 drill hole, NB-3 
(date measured 9-11-81) 


